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period from July I, 1913, to June 30, 1915. It contains a list of 
the gauging stations maintained on the islands, estimates of the 
daily and monthly discharge of the streams, and the results of studies 
of rainfall at  many points. Water-Supply Paper 318 gives the 
results of water-resource investigations in Hawaii for the years 
I9O9-I9ti, Water-Supply Paper 336 the work for 1912 , and 373 
the work for I9I 3, 

These reports will be valuable to engineers and others engaged 
in developing the water resources of the islands. Water-Supply 
Papers 318 and 373 are no longer available for free distribution, but 
may be purchased from the Superintendent of Documents, Wash- 
ington, D. C., for 5 ° cents and 4o cents, respectively. Copies of 
Nos. 336 and 43 ° may be obtained without cost on application to the 
Director, lJnited States Geological Survey, Washington, D. C. 

Color from the Physical Point of View. H. C. RICHARDS. 
(Proceedings of the Illuminc~ting Engineering Society, October i i ,  
I917. ) The color of light may be expressed in terms of its hue, 
brightness, and saturation; or it may be defined by the relative 
amounts of three standard colors, as red, green, and blue, which must 
be added to produce the same impression on the eye. But these are 
more or less subjective definitions. From a physical point of view 
the character of a light (i.e., its color) is determined by the distribu- 
tion of energy among the different wave-lengths in the spectrum. 
The translation of this information into terms of color sensation is 
effected by the study of the effect of light of various wave-lengths 
in producing the fundamental color sensations. 

It should be noticed, however, that the converse is not true; i.e., 
it is not possible to infer without ambiguity the constitution of a light 
from observations of its color, since various combinations of spectral 
constituents will yield the same color sensation. There is here a 
contrast between the sister sciences of optics and acoustics. The 
characteristics which distinguish sounds--pitch, intensity, and qual- 
i ty-correspond completely to the three physical properties of a wave- 
length, amplitude and form a complexity, while in optics the co6rdi- 
nation of the properties of hue, brightness, and saturation to the 
corresponding physical properties is imperfect. 

Two classes of illuminants are included in the physical laws deter- 
mining the color of a light source: those having discontinuous spec- 
tra and those having continuous spectra. To the former belong 
luminous vapors, to the latter incandescent solids and liquids. The 
classes differ not only in their physical structure but also in the 
method by which the luminosity is produced; for; while continuous 
spectra are produced by heat alone, the production of ~ discontinuous 
spectrum requires for the most part electrical m" chemical action, 
though in some cases heat is used to stimulate such action. 

Sources giving discontinuous Or bright line spectra furnish:us 
with the most brilliant and varied color lights. These are produced 
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by salts volatilized by a flame or by the electric discharge through 
rarefied gases. Here we have all degrees of complexity, from light 
of but one wave-length, as in the yellow of sodium or the green of 
thallium, to that of mercury vapor, where there are half a dozen 
constituents, and so on to more complex cases, as that of iron with 
thousands of lines. When the wave-lengths present are predomi- 
nantly in one portion of the spectrum, the light will be more or less 
richly colored, as for instance in the brilliant red of the strontium 
flame or of the neon vacuum tube. When the energy is more or less 
uniformly distributed through the spectrum the light becomes whitish 
in character, as with the Moore carbon dioxide tube or even the 
mercury vapor light. By far the greater number of illuminants 
belong to the class of those having continuous spectra, and among 
these we must include our most important or standard light--that 
of the sun. In these the prominent part is played by temperature. 
It is a familiar phenomenon that as the temperature of a body is 
raised it changes in color as the body becomes successively red hot, 
yellow hot, and white hot. 

The light of a source is usually modified by transmitting it 
through a selectively absorbing medium, such as colored glass. 
This subtracts from the light its different constituents in varying 
proportion so as to modify its spectral quality. By this means one 
light source may be made to produce the same effect as another, as 
has been done in the last few years with the " daylight glass " shade, 
which modifies the light of a tungsten bulb to approximate the qual- 
ity of daylight. Another but less usual method of modifying the 
color of a light is by selective reflection. Instances of this are to be 
found in the gilding of the reflectors of automobile headlamps to 
produce a yellower beam, in the effect of reflection from the wails 
in interior lighting, and in summer in the slightly green tinge of day- 
light from light reflected by foliage. Again, a light of given quMity 
may be produced by combining sources of different kinds. This 
method has also been used to produce artificial daylight. It is also 
the basis of some processes of color photography, where any color 
is imitated by the addition in various proportions of red, green, and 
blue lights. 

Simplicity o£ Fastening Design. ANON. (Machinery ,  vol. 24, 
No. 4, P. 304, December, I917.)--Machine designers often miss a 
golden opportunity for saving in the cost of manufacture of details 
by being too careful in proportioning the fastening details. It is 
not uncommon to find a machine well designed in all its essential 
mechanism which requires a large variety of screws, studs, and 
bolts to hold the parts together. The screws may have been care- 
fully selected with due consideration of their respective stresses and 
functions, but that scrupulous care may have resulted in carrying out 
the design with too little regard for the cost of production. It 
might have been better,' from the manufacturing standpoint, to 


